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(57) ABSTRACT

A non-volatile memory cell (FIG. 3) is provided which
includes three transistors, a floating gate non-volatile storage
transistor (303) and two cascode connected select transistors
(301-302). The two cascoded select transistors (301-302)
act together to block the programming voltage when the
memory cell 1s included 1n an array, and the memory cell 1s
not selected for programming. A value of an unselect voltage
applied to the gate of the first cascode connected transistor
(301) is set to prevent breakdown of the oxide in the first
cascode transistor (301) as well as the second cascode
transistor (302). A value of an unselect voltage applied to the
gate of the second cascode connected transistor (302) can be
selected so that the voltage passed to the floating gate
storage transistor (303) will not result in a program drain
disturb, or source disturb condition.

12 Claims, 2 Drawing Sheets
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NON-VOLATILE MEMORY ELEMENT

HAVING A CASCODED TRANSISTOR

SCHEME TO REDUCE OXIDE FIELD
STRESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates generally to non-volatile
memory cells with both a select transistor and a floating gate
storage transistor used with high density programmable
logic devices (PLDs). More particularly, the present inven-
fion relates to a method for reducing field oxide stress and
program disturb conditions in the memory cell.

2. Background

FIG. 1 shows a conventional two transistor non-volatile
memory cell used with a PLD. The memory cell includes a
nonvolatile floating gate storage transistor 100, along with a
conventional select memory transistor 102. The select tran-
sistor 102 1s used to prevent programming of the floating
gate storage transistor 100 when the two transistor cell 1s 1n
an array of memory cells and other cells on the same bitline
are being programmed.

FIG. 2 shows a cross-section of the layout for the con-
ventional two transistor memory cell of FIG. 1. As shown,
the floating gate storage transistor 100 1s an NMOS device
including an n+ type source region 200 and an n+ type drain
region 202 provided 1n a p type substrate. The floating gate
1s a polysilicon region 204 with a portion 206 which creates
a tunneling region 1n the oxide material 207 between the
polysilicon gate 204 and the p type substrate. The floating,
cate 204 1s provided over the channel i1n the substrate
between the source 200 and drain 202. A control gate 210 1s
provided above the polysilicon gate 206, and 1s formed from
a conductive material to which gate control signals are
applied.

The select transistor 102 has a source 202 formed in
common with the drain of the storage transistor 100. An n+
type drain region 212 of the select transistor 102 1s formed
in the p substrate with a conductive gate region 214 over-
lying the channel between the source 202 and drain 212. An
oxide material 215 1s provided between the gate 214 and
channel of transistor 102.

The select transistor 102 1s used to prevent a program
disturb condition. The program disturb condition can be a
drain disturb event which occurs 1n a floating gate transistor
in an unselected memory cell connected to the same bit line
as a selected memory cell transistor. The high bit line
program voltage and low unselect gate voltage applied to a
floating gate storage transistor to prevent programming
when a select transistor 1s not used causes a high electric
field to be applied between the gate and drain of the floating
cgate transistor. The high electric field may cause electrons to
tunnel between the floating gate and drain resulting 1n a
drain disturb programming condition where the unselected
cell 1s unintentionally programmed. Similarly, since the
source electrode of the selected and unselected memory cells
may be connected together on a bit line, a source disturb
event can likewise cause an unintentional programming of
unselected memory cells. A select transistor effectively
blocks the bitline drain voltage from the storage transistor to
prevent drain disturb or source disturb conditions.

With a high bit line programming voltage (Vpp) now
applied to the drain of a select transistor 102, avalanche
breakdown can occur in the select transistor causing dam-
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age. With the high programming voltage applied to the bit
line, and zero volts applied to the gate of the select transistor
102, avalanche breakdown can occur through the oxide
region 215 between the drain 212 and gate 214 resulting 1n
damage to the oxide region 215.

Instead of zero volts, an intermediate voltage (Vunselect)
can be applied to the gate of select transistors 1n memory
cells which are not to be programmed. The value of Vun-
select 1s bounded by a “voltage box™ on the high side by a
soft programming condition, where insufficient voltage
should be passed through to the programming element to
allow any programming due to a disturb condition. The
value of Vunselect 1s bounded on the low side by the oxide
breakdown concerns where the voltage from the drain of the
select device to the gate of the select device exceeds the

intrinsic breakdown voltage of the 1nsulating oxide film.

SUMMARY

In accordance with the present invention, a voltage box on
select transistors of conventional memory cells 1s avoided.

In accordance with the present invention, a memory cell
1s provided including three transistors, a floating gate non-
volatile storage transistor and two cascode connected select
transistors. The two cascoded select transistors act together
to block the bit line programming voltage when the memory
cell 1s connected 1n an array, and the cell 1s not selected fo
programming. A value of an unselect voltage (Vunselec 1)
applied to the gate of the first cascode connected transistor
connected directly to the bit line can be set to eliminate the
select transistor oxide breakdown concern. A value of an
unselect voltage (Vunselect2) applied to the gate of the
second transistor can be selected so that the voltage passed
to the floating gate storage transistor will not result 1n a
program disturb condition.

BRIEF DESCRIPITION OF THE DRAWINGS

The present invention will be described with respect to
particular embodiments thereof, and references will be made
to the drawings in which:

FIG. 1 shows a conventional two transistor memory cell;

FIG. 2 shows a cross section of a layout for the memory
cell of FIG. 1;

FIG. 3 shows a memory cell in accordance with the
present invention; and

FIG. 4 shows a group of memory cells as shown 1n FIG.
3 connected 1n an array conifiguration.

DETAILED DESCRIPTION

FIG. 3 shows a memory cell in accordance with the
present invention. The memory cell includes two cascode
connected select transistors 301 and 302 and a floating gate
storage transistor 303. The transistors 301-303 have source-
drain paths connected 1n series, and select/unselect voltages
applied from a first voltage reference labeled Vselectl 306
and a second voltage reference labeled Vselect2 308 to the
respective gates of transistors 301 and 302.

Transistors 301 and 302 are connected 1 a cascode
conflguration indicating that the transistors are turned on and
off by varying voltage applied to the drain with the gate
voltage fixed, rather than varymng the gate voltage. In a
cascode transistor with (v -v,)>v,, wherein v, is the gate
voltage, v, 1s the drain voltage, and v, 1s the threshold
voltage of the transistor, the cascode transistor will turn on.
With (v _-v)<v, the cascode transistor will turn off.

Each of the transistors 301-303 are NMOS devices. A
layout of transistors 302 and 303 is similar to the layout of
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conventional transistors 100 and 102 shown in FIG. 2. The
layout of transistor 301 will be similar to the layout for
transistor 302, with transistor 301 having a source in com-
mon with the drain of transistor 302.

The two cascoded select transistors 301-302 act together
to block the programming voltage when programming of the
cell 1s not desired, and to avoid the “voltage box” eifect
described previously. To avoid the voltage box effect, the
value of Vunselectl applied from the voltage reference 306
to the gate of transistor 301 when the memory cell 1s not

selected for programming 1s set exclusively by the oxade
breakdown concern. The value Vunselectl will be set to

cause a drain to gate voltage drop in transistor 301, so that
the voltage on the source of transistor 302 1s significantly
lower than 1f one select transistor were used, but high
enough to avoid avalanche breakdown and possible oxide
damage in transistor 301. The voltage passed to the drain of
transistor 302 will be some fraction of Vpp applied to the
bitline during programming as controlled by Vunselectl.

The scheme of using two select cascode transistors to
avolding oxide damage can be extended to any number of
select cascode transistors connected 1n a series configura-
tion. The values of the unselect voltages applied to the gates
of the multiple transistors will be chosen to cause a slight
voltage drop across each select transistor without damaging,
the transistor, so that the bit line programming voltage will
not damage any one transistor in the series. If the cell is
selected for programming, a value of Vpp or higher can be
applied to the gate of each of the select transistors to assure
the programming voltage Vpp 1s applied to the gate of the
floating gate storage transistor 303.

The voltage Vunselect2 applied from the voltage refer-
ence 308 to the gate of transistor 302 1s selected so that the
voltage passed, to the floating gate storage transistor 303
will not result in a program disturb condition. A program
disturb condition can occur at a voltage less than %2 of Vpp.
The select voltage Vunselect2 will cause a drain to gate
voltage drop through transistor 302, so that a voltage less
than the dramn disturb voltage 1s applied to the drain of
transistor 303.

FIG. 4 shows four memory cells 401-404, as shown in
FIG. 3 connected 1n an array configuration. The memory
cells 401 and 403 are connected so that the source of the
floating gate storage transistor from each memory cell is
connected to a common output line 421. Since the output
from both cells 401 and 403 are connected to the common
output line, only one cell can be selected at a time.
Alternatively, the cells 401 and 403 can be connected to
separate outputs at the source of their floating gate storage
transistors.

The memory cells 401 and 403 are further connected to a
common bitline 411 at the drain of their first cascode select
transistor. Memory cells 402 and 404 are similarly con-
nected to a common output 422, and a common bitline 412,
separate from the memory cells 401 and 403. The memory
cells 401 and 402 share common gate or wordline select
voltage mputs. Stmilarly, memory cells 403 and 404 share
common wordline select voltage 1nputs.

Although the present invention has been described above
with particularity, this was merely to teach one of ordinary
skill 1n the art how to make and use the invention. Many
other modifications will fall within the scope of the
invention, as that scope 1s defined by the claims provided
below.

What 1s claimed 1s:

1. A method for preventing programming of a given
non-volatile memory cell 1n an array of memory cells, the
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ogrven memory cell including a floating gate transistor having
a source-drain path connected to the source-drain path of a
second of two select transistors which have source-drain
paths connected 1n series, wherein a programming voltage 1s
applied to a bitline connected to the source-drain path of a
first of the two select transistors, the method comprising the

steps of:

applying a first select voltage to the gate of the first select
transistor, the first select voltage having a value set to
prevent damage to an oxide material between the gate
and drain of the first select transistor; and

applying a second select voltage to the gate of the second
select transistor, the second select voltage having a
value set to prevent the charge stored by the floating
gate transistor from being disturbed.

2. A memory cell comprising:

a first select transistor having a source-drain path and a
gate;

a second select transistor having a source-drain path
connected 1n series with the source-drain path of the
first select transistor, and having a gate;

a Hloating gate storage transistor having a source-drain
path connected 1n series with the source-drain path of
the second select transistor;

a means for applying a voltage to the gate of the first select
transistor so that when a bitline programming voltage 1s
applied to the source-drain path of the first select
transistor to enable programming of the floating gate
storage transistor, and when programming of the float-
Ing gate storage transistor 1s not desired, damage will
not occur to an oxide material between the gate and
drain of the first select transistor; and

a means for applying a voltage to the gate of the second
select transistor so that when the bitline programming,
voltage 1s applied to the source-drain path of the first
select transistor, and programming of the floating gate
storage transistor 1s not desired, charge stored by the
floating gate storage transistor will not be disturbed.

3. A memory cell comprising:

a first select transistor having a source-drain path and a
gate;

a second select transistor having a source-drain path
connected 1n series with the source-drain path of the
first select transistor, and having a gate;

a Hoating gate storage transistor having a source-drain
path connected 1n series with the source-drain path of
the second select transistor;

a first voltage reference configured for providing a voltage
to the gate of the first select transistor so that when a
bitline programming voltage 1s applied to the source-
drain path of the first select transistor to enable pro-
cramming of the floating gate storage transistor, and
when programming of the floating gate storage tran-
sistor 1s not desired, damage will not occur to an oxide
material between the gate and drain of the first select
transistor; and

a second voltage reference configured for providing a
voltage to the gate of the second select transistor so that
when the bitline programming voltage 1s applied to the
source-drain path of the first select transistor, and
programming of the floating gate storage transistor 1s
not desired, charge stored by the floating gate storage
transistor will not be disturbed.

4. The memory cell of claim 3, wherein the first select

transistor, the second select transistor and the floating gate
storage transistor comprise NMOS devices.
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5. The memory cell of claim 3, wherein the first select
transistor and the second select transistor comprise volatile
devices.

6. An array of memory cell transistors comprising:
memory cells comprising:

a first select transistor having a source-drain path and a
gate;
a second select transistor having a source-drain path

connected 1n series with the source-drain path of the
first select transistor, and having a gate; and

a floating gate storage transistor having a source-drain
path connected 1n series with the source-drain path of
the second select transistor;

a 1irst array output connected to the source-drain path of
the floating gate storage transistor in a first portion of

the memory cells; and

a second array output connected to the source-drain path
of the floating gate storage transistor in a second
portion of the memory cells.

7. The array of claim 6, further comprising;:

a first bitline connected to the source-drain path of the first
select transistor 1n the first portion of the memory cells;
and

a second bitline connected to the source-drain path of the
first select transistor in the second portion of the
memory cells.

8. The memory cell of claim 7, further comprising;:

a first voltage reference configured for providing a voltage
to the gate of the first select transistor 1n a third portion
of the memory cells, the third portion mcluding some
memory cells from the first portion and the second
portion of memory cells, so that when a bitline pro-
gramming voltage 1s applied to the source-drain path of
the first select transistor in the third portion of memory
cells to enable programming of the floating gate storage
transistor 1n the third portion of memory cells, and
when programming of the floating gate storage tran-
sistor 1n the third portion of memory cells 1s not
desired, damage will not occur to an oxide material
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between the gate and drain of the first select transistor
in the third portion of memory cells; and

a second voltage reference configured for providing a
voltage to the gate of the second select transistor 1n the
third portion of the memory cells so that when the
bitline programming voltage 1s applied to the source-
drain path of the first select transistor 1n at least some

of the third portion of memory cells, and programming

of the floating gate storage transistor in the third portion

of memory cells 1s not desired, charge stored by the
floating gate storage transistor in the third portion of
memory cells will not be disturbed.

9. The memory cell of claim 8, wherein the first select
transistor, the second select transistor and the floating gate
storage transistor of the memory cells comprise NMOS
devices.

10. The memory cell of claim 9, wherein the first select
transistor and the second select transistor of the memory
cells comprise volatile devices.

11. A memory cell comprising;:

a first select transistor having a source-drain path and a
gate;
a second select transistor having a source-drain path in

serics with the source-drain path of the first select
transistor, and having a gate;

a floating gate transistor having a source-drain path con-
nected 1n series with the source-drain path of the
second select transistor;

an output line connected to the source-drain path of the
floating gate transistor; and

a bitline connected to the source-drain path of the first

select transistor.

12. The array of memory cells of claim 11, wherein the
memory cells share a common output line connected to the
source drain path of the floating gate transistor of each cell
and share a common bitline connected to the source-drain
path of the first select transistor of each cell.
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